Summary. The brush border membrane i s a comp ex s t r u c t u r e i n con tinuous, dynamic e q u i l i b r i u m w i t h both, i n t r a e l l u l a r and environmental factors. I t s p r o t e i n s perform numerous functions, which schematically can be i d e n t i f i e d as follows: e zymatic a c t i v i t i e s , t r a n s p o r t processes, receptor s i t e s . This pap 1 r o u t l i n e s some se l e c t e d physiologic c h a r a c t e r i s t i c s o f these dunctions and 1 ink; them w i t h pathogenetic mechanisms f o r some brdsh border associated diseases.
I
The p r o t e i n s o f the i n t e s t i n a l brus border membrane i n i clude receptors, c a r r i e r s and h y d r o l y t i c enzy es and a s i n g l e t e i n may probably have more than one f u n c t i o n . This work i s n o taimed a t covering exhaustively a l l these functions i n h e a l t h and disease, b u t r a t h e r a t 1) discussing few selected aspects which may be o f special i n t e r e s t i n understanding t h e physiology o f brush bor der membrane and 2) out1 i n i n g general types of r e l a t i o n s between brush border and disease. I ENZYMES. They include d i saccharidasdk, peptidases and phosphatases. Among disaccharidases, sucrase ahd i soma1 tase are f u n c t i o n a l l y c o r r e l a t e d t o each other. They ark synthesized as one chain precursor which i s s p l i t i n t h e membrane by the luminal pro teases (7,lO) i n t o the enzyme u n i t s which form a complex. This corn plex i s bound t o the membrane through a hydrop h obic amino a c i d sequence o f the isomal tase u n i t (2) .Lactase and blycosyl ceramidasea l s o form a complex bound t o t h e membrane.Another type o f assembly of p r o t e i n s i n the membrane i s i 11 u s t r a t e d by he 01 igoaminopepti F -dase which traverses the 1 i p i d -r i c h 1ayer.Al ka , i n e phosphatase seems t o face t h e i n t e r i o r o f t h e c e l l and i n t k r a c t w i t h cytoplas mic p r o t e i n s such as the soluble vitamin D dependent calcium-bind i n s protein. TRANSPORT PROCESSES. The --amino a c i d & n t e r i n g the c e l l i s coupled w i t h Na a t the luminal border; the Na electrochemical gra d i e n t i s t h e d r i v i n g force f o r the amino a c i d f l u x and i s mantained by the a c t i v i t y o f the Na,K-ATPase (14) . ~i n e t i c studies suggest the e x i stence o f speci f i c t r a n s p o r t systems f o basic, neutral and a c i d i c amino acids. Transport processes which i r e Na-independent have been described f o r amino acids as w e l l as sugars a l s o a t the bas01 a t e r a l membrane o f t h e enterocyte.However I i n c y s t i n u r i a l y s i n e t r a n s p o r t i s d e f e c t i v e a t t h e brush border membrane o f the i n testine, w h i l e the t r a n s p o r t process f o r b a s i c amino acids a t the basolateral membrane i s normal. On the c o n t r a r I i n l y s i n u r i c pro t e i n intolerance, a genetic disease i n which i n t e s t i n a l absorption o f t h e diamino acids lysine, a r g i n i n e and ornithine,but n o t cys t i n e , i s impaired, l y s i n e t r a n s p o r t i s defective a t the basolate 1173 I r a l membrane, while i s normal a t the brush border membrane ( 3 ) . I t i s c l e a r therefore t h a t the t r a n s p o r t process f o r dibasic amino acids of the brush border membrane i s separate from and under a d i f f e r e n t genetic c o n t r o l than the transport process f o r dibasic amino acids a t the basolateral membrane.
Dipeptides (and, t o a lesser extent, t r i p e p t i d e s ) are taken up by a specific t r a n s p o r t process having a broad a f f i n i t y encom passing most of the physiological l y occurring dipeptides (9) he ontogeny and age-dependency o f t h i s system have been studied i n animals and found s i g n i f i c a n t l y d i f f e r e n t from t h a t o f the amino a c i d transport systems, having a high p e r i n a t a l peak and a subse quent steady decline so t h a t the l a r g e s t p a r t o f amino a c i d absorp t i o n appears t o occur, i n the youngster,in the peptide-bound form (6) .Dipeptide uptake i s p a r t l y Na dependent and i n the new born age appears t o increase under the e f f e c t o f semistarvation.
D-Glucose and D-Galactose are transported across the brush border membrane coupled t o Na, as shown both i n animals and i n j e j u n a l mucosa o f c h i l d r e n (5). This provides the physiologic basis f o r the treatment w i t h o r a l administration o f glucose cont a i n i n g solutions i n secretory diarrhea due t o some b a c t e r i a l enterotoxins .There i s a s p e c i f i c e n t r y process f o r fructose w h i l e f o r D-xylose c o n f l i c t i n g r e s u l t s were reported,Studies i n j e j u n a l mucosa o f c h i l d r e n i n d i c a t e t h a t 0-xylose i s , a t l e a s t i n part, transported by a system t h a t i s d i f f e r e n t from those f o r fructose and D-gl ucose.
E l e c t r o l y t e transport: the brush border possesses a s p e c i f i c t r a n s p o r t mechanism which translocates t h e i o n i c p a i r NaCl andi s the d r i v i n g force responsible f o r the l a r g e s t p a r t of the water absorption (1 5). I t s a c t i v i t y i s modulated by various stimul i , s t i 11 incompletely understood.Among these, an i n h i b i t o r y e f f e c t i s exerted by agents which a c t through CAMP ( l i k e h e a t -l a b i l e en t e r o t o x i n s , prostaglandins, V. I .P., d i hydroxy-bi l e acids etc. ) ,-or cGMP (1 i ke heat-stable enterotoxins and chol i n e r g i c agents), o r through an increase i n the i n t r a c e l l u l a r a v a i l a b i l i t y o f Ca ions (possibly 1 i ke Serotonin) .As f o r stirnulatory agents, Epinephrine among the c i r c u l a t i n g hormones, and Somatostatin and the "endo neous opiates" enkephal i n s among the l o c a l l y released peptides do stimulate e l e c t r o l y t e and water absorption, possibly by a c t i n g on NaCl coupled i n f l u x . I t i s conceivable t h a t several l o c a l l y releas ed agents i n t e r a c t w i t h each other, modulating "basal" r a t e s of water and e l e c t r o l y t e absorption i n a given i n d i v i d u a l a t a given time, i n a given G.I. segment.This concept, though r e f l e c t i n g the present t h i n k i n g we have on the "paracrine" secretion (1 1) and the r o l e t h a t the newly discovered G. I .associated peptides seem t o p l a y on several i n t e s t i n a l functions -i n c l u d i n g brush border-ass ociated processes -i s c l e a r l y , a t present, s t i l l l a r g e l y hypothi
t o another h e a t -l a b i l e b a c t e r i 1 t o x i n which a causes diarrhea by increasing adenylate cyclase a c t i v i t y (E.col i ) .

Receptors for h e a t -l a b i l e b a c t e r i a l toxins appear t o be ubiqui tous on membrane c e l l s and the only reason why those on the bFush border membrane are pathophysiologically importank i n diarrheal diseases i s t h a t these t o x i n s are produced w i t h i n the i n t e s t i n a l lumen and a c t locally.0n the contrary heat-stable b a c t e r i a l tox i n s from Yersinia enterocol i t i c a and E.col i, whic h produce d i a r rhea by a c t i v a t i n g the predominantly brush border bound guanylate cyclase, bind t o receptor s i t e s which seem t o be onfined t o the brush border membrane o f the small bowel (12).Pre b i s p o s i t i o n t o
i n f e c t i o u s diarrhea may be due also t o brush bordkr membrane p r o t e i n a c t i n g as "receptors" f o r bacteria. For instance, E. c o l i causing diarrhea i n neonatal pigs by f i r s t ahhering t o the small bowel are pathogenic only i n one ~h e n o t b~e , c a l l e d "adhesive". 
Taken as a whole, the body o f informations on brush border receptors f o r microorganisms and t o x i n s i n d i c a t e t h a t brush border, through i t s glycoprotein and gangliyside compon ents, influences the a b i l i t y o f microorganisms t o induce d i a r rhea, and t h a t t h i s i n t e r a c t i o n between brush bor
i a t i o n (13): however i t i s possible t h a t these membrane g l y coproteins w i t h HLA-antigen f u n c t i o n s i n f l u e n c e developmento f diseases by o t h e r mechanisms.By working as receptors f o r microorganisms they could f a c i l
i t a t e t h e e n t r y of b a c t e r i a through t h e e p i t h e l i u m o r t h e attachment o f v i r u s e s t o h o s t cells.Indeed i t has been shown t h a t t h e p r o t e i n s coded f o r by t h e HLA-A and B -l o c i i n man are membrane receptors f o r v i ruses (8). It has been proposed t h a t HLA-DR antigens
Brush border membrane g l ycoprotei ns a r e synthesized on t h e ribosomes, w h i l e g l y c o s i l a t i o n occurs i n t h e Golgi membranes and perhaps i n t h e brush border membrane i t s e l f .They a r e then degraded e i t h e r from t h e lumen by pancreatic o r b a c t e r i a l enzymes o r from the i n t e r i o r by i n t r a c e l l u l a r hydrolases.
Proteins f a c i n g t h e e x t e r n a l s i d e o f t h e membrane such as l a c t a s e and sucrase t u r n over a t a very f a s t r a t e : half-1 i f e of f o u r t o s i x hours, which i s f a s t e r than t h e e n t i r e brush border turnover ( h a l f -l i f e o f 6 t o 14 hours) .This r a p i d turnover r a t e seems t o be due t o pancreatic proteases.0n t h e o t h e r hand, p r o t e i n s l o c a t e d more deeply i n t h e membrane may depend upon i n t r a -c e l l u l a r hydrolases f o r t h e i r degradation.
The carbohydrate-rich l a y e r l i n i n g t h e brush border mem brane and known as t h e glycocalyx, i s a p r o t e c t i v e f a c t o r fort h e membrane glycoproteins.These glycoproteins are r e s i s t a n t t o pancreatic amylase b u t t h e i r sugars could be removed by enzymes o f b a c t e r i a l o r i g i n so t h a t t h e p a r t i a l l y d e g l y c o s i l a t e d p r o t e i n would then be more s u s c e p t i b i l e t o proteolysis.Enzymes o f bacte r i a l o r i g i n which c a t a b o l i z e blood group antigens have been dem o n s t r a t e d i n t h e human i n t e s t i n e . I f these enzymes d e g l y c o s i l a t e membrane p r o t e i n s w i t h blood-group a n t i g e n i c i t y , they might p l a y an important r o l e when b a c t e r i a grow i n t h e lumen as i n t h e b l i n d loop syndrome.
Diseases may d e r i v e from d e f e c t i v e synthesis of brush border membrane proteins. Sucrase-i soma1 tase d e f i c i e n c y and ente rokinase d e f i c i e n c y are examples o f g e n e t i c a l l y determined defe c t s o f brush border membrane proteins. ~i sorders o f t r a n s p o r f may a l s o be i n h e r i t e d , presumably as a r e s u l t o f a1 t e r a t i o n s i n synthesis o f t r a n s p o r t proteins. The receptor f o r v i t a m i n B12 ( l a c k i n g i n f a m i l i a l v i t a m i n B12 malabsorption) has been i d e n t i -f i e d . I n o t h e r t r a n s p o r t disorders such as glucose-galactose
cell orland reduced number o f enterocytes per surfac u n i t area.This t can occur as a r e s u l t o f impairment i n the norm 1 c e l l l i f e cycle (pro1 i f e r a t i o n i n the crypts, d i f f e r e n t i a t i o n ahd maturation along the v i l l u s , senescence), such as i t occurs i n a v a r i e t y o f acqui 1, r e d i n t e s t i n a l diseases.A mostly documented exa p l e o f such secon dary d e f i c i e n c i e s i s t h a t o f lactase i n c e l i a c bisease and gastro e n t e r i tis.The fa1 1 i n lactase a c t i v i t y a f t e r acute g a s t r o e n t e r i t i s might a l s o be due t o loss o f the p r o t e c t i v e f u n k t i o n o f the glyco calyx, w i t h subsequent a c t i o n o f pancreatic proteases on 1 actase; The same type o f process might be present i n the b l i n d loop syn drome: b a c t e r i a l enzymes might damage t h e glycokalyx, thus accel e r a t i n g degradation o f membrane proteins .Brush bbrder proteins have been studied i n disorders characterized by decreased a c t i v i t y o f pancreatic proteases i n the lumen: i n p a n c r e a t i t i s an8 c y s t i c f i b r o s i s the l e v e l s o f maltase, sucrase and lactase are high, w h i l e trehalase and phosphatase, which are more deeply embedded i n the membrane, are unaltered.
I t appears t h e r e f o r e t h a t diseases due tb abnormalities i n brush border p r o t e i n s ' f u n c t i o n can be vieweh as t h e r e s u l t o f e i t h e r , defective synthesis o r a1 t e r e d degradation rates; the l a t t e r process being a f f e c t e d by several f a t o r s , i n c l u d i n g the equi 1 i brium between luminal pancreatic and 8 a c t e r i a l enzym es, the glycocalyx and the brush border i t s e l f . SELECTED REFERENCES i l
